The antiestrogen, Raloxifene (Ral) is an effective breast cancer chemopreventive agent. Omega-3 fatty acids (n-3FA) may inhibit mammary carcinogenesis. On the basis of their mechanisms of action, we test the hypothesis that a combination of n-3FA and Ral may be superior in reducing select biomarkers of breast cancer risk in women. SUBJECTS/METHODS: Postmenopausal women at increased risk for breast cancer (breast density X25%) were randomized to: (1) no intervention; (2) Ral 60 mg; (3) Ral 30 mg; (4) n-3FA (Lovaza) 4 g and (5) Lovaza 4 g þ Ral 30 mg for 2 years. Reduction in breast density is the primary end point of the study. We report preliminary data on feasibility, compliance and changes in secondary end points related to IGF-I signaling, estrogen metabolism, oxidative stress and inflammation in the first group of 46 women who completed 1 year of the study. RESULTS: All interventions were well tolerated with excellent compliance (96 ± 1% overall) by pill count and also supported by the expected rise in both serum n-3FA and n-3FA/Omega-6 fatty acids (n-6FA) ratio in women randomized to groups 4 and 5 (Po0.05). Lovaza decreased serum triglycerides and increased high-density lipoprotein (HDL) cholesterol compared with control (Po0.05 for both). Ral reduced serum IGF-1 in a dose-dependent manner (Po0.05) while Lovaza did not. Lovaza had no effect on IGF-1 or IGFBP-3. None of the other biomarkers were affected by our treatment. CONCLUSION: The combination of Lovaza and Ral is a feasible strategy that may be recommended in future breast cancer chemoprevention trials.
INTRODUCTION
We are testing the hypothesis that a combination of antiestrogens and Omega-3 fatty acids (n-3FA) exerts a synergistic breast cancer chemopreventive effect due to the cross-talk of their downstream cellular effects that leads to decreased proliferation and increased apoptosis of premalignant mammary cells. 1 While basic mechanisms are under investigation using preclinical models of mammary carcinogenesis, [2] [3] [4] we are testing concomitantly the clinical relevance of this approach in postmenopausal women using surrogate markers of breast cancer development (NCT00723398). While the primary end point of our clinical trial is a reduction in breast density, a wellestablished risk factor for breast cancer, 5 we are also examining the effects of the individual and combined administration of Ral and n-3FA on several biomarkers thought to be potentially involved in mammary carcinogenesis. These include markers of oxidative stress, estrogen metabolism, inflammation and insulin-like growth factor (IGF-1) signaling. In this report, we provide preliminary results of the treatment effects on these secondary end points in the first subset of 46 women who completed 1 year of the study. We also performed a detailed plasma fatty acid analysis in these same subjects to document adherence to their group assignments.
SUBJECTS AND METHODS Subjects
Healthy, postmenopausal women between the ages of 35-75 years were recruited into the study if their breast density was X25% at their yearly routine screening mammogram. Postmenopausal status was defined as a history of at least 12 months without spontaneous menstrual bleeding or having a documented hysterectomy with bilateral salpingo-oophorectomy. Additional eligibility criteria included no hormone replacement therapy (including oral contraceptives in younger women) for at least 6 months before entry into the study and being smoke free for 45 years. Ineligibility criteria included history of pulmonary embolism or deep vein thrombosis, stroke and atherosclerotic heart disease, presence of any known hypercoagulable state, either congenital (for example, protein S deficiency) or acquired (for example, corticosteroid treatment), diabetes mellitus, uncontrolled hypertension (blood pressure X140/90), previous history of breast cancer (including ductal carcinoma in situ and lobular carcinoma in situ), other prior malignancies except for satisfactorily treated basal cell or squamous cell skin cancer, in-situ cervical cancer, or any cancer for which the patient has been disease free for at least 5 years. Women were also excluded if they had a history of allergy to fish, were unwilling not to use n-3FA preparations outside of the protocol or were drinking more than one alcoholic beverage per day. consent, each study participant was randomly assigned with equal probability to one of the following five treatment groups: group 1-control, no intervention; group 2-Ral 60 mg orally daily; group 3-Ral 30 mg orally daily; group 4-Lovaza 4 g per day orally with meals; group 5-Lovaza 4 g per day orally with meals plus Ral 30 mg orally daily. A blocked randomization scheme was used to ensure balanced treatment allocation during the course of enrolment. Upon entry, information was collected on parity, family history of breast cancer and personal history of benign breast disease. In addition, anthropometric measurements including weight, height, and waist-to-hip ratio were obtained. At study entry and follow-up visits, blood samples were obtained for a complete blood count, lipid panel and fatty acid analysis. Both blood and urine samples were collected for biomarker analysis.
Assessment of dietary habits
Study participants completed a modified version of the National Cancer Institute Diet History Questionnaire at baseline and at follow-up. 6 The modified version includes the additions of items to capture consumption patterns of Pennsylvania residents. 7 Participants reported their usual intake and portion size of 137 separate food items; 49 of which included embedded queries. Interviewers reviewed the returned Diet History Questionnaires in-person with study participants. Completed questionnaires were scanned and Diet*Calc version 14.3 (National Cancer Institute, Division of Cancer Control and Population Sciences, Risk Factor Monitoring and Methods Branch; http://riskfactor.cancer.gov/DHQ/dietcalc/) the nutrient analysis program developed by the National Cancer Institute for this instrument and reconfigured for our modified questionnaires, was used to estimate energy and nutrient intakes.
Assessment of physical activity
The International Physical Activity Questionnaire was used to estimate energy expenditure due to physical activity at baseline and follow-up. It is publically available (https://sites.google.com/site/theipaq/), which has been validated and a scoring protocol is provided. 8 The International Physical Activity Questionnaire asks about walking, moderate and vigorous-intensity physical activity in four domains (leisure-, domestic/ yard-, work-and transport-related activities). Total physical activity is calculated as a continuous score expressed as metabolic equivalent task-min per week, which we used to estimate per day metabolic equivalent task-min (metabolic equivalent task level Â minutes of activity Â events per week)/7. A complete list of references for International Physical Activity Questionnaire is provided at https://sites. google.com/site/the ipaq/references.
Fatty acid analysis
The fatty acid composition of the serum samples was determined at baseline and every 6 months thereafter as published by us. [2] [3] [4] This measurement complemented pill counts to verify compliance.
Serum and urine marker analysis
Markers of oxidative stress and lipid peroxidation. Urinary 8-(isoprostane)-F2a was measured in urine samples using a competitive enzyme-linked immunosorbent assay (ELISA) from Cayman Biochemical (Cat. No. 516351; Ann Arbor, MI, USA). Before analysis, urine was purified by solid phase extraction using an ODS cartridge system (Cayman Biochemical) according to manufacturer's instructions. Urinary 8-hydroxy-deoxyguansine was measured in urine samples using a competitive ELISA from Cayman Biochemical (Cat. No. 589320). Both 8-isoprostane and 8--hydroxydeoxyguansine values were expressed on a per mg creatinine basis to account for urine dilution. Creatinine was determined by reaction with picrate as described previously. 9 The urine metabolites of estrogen; 2-hydroxy estrone (2OHE1) and 16-ahydroxy estrone (16aOHE1) were determined in spot first morning urine collections by enzyme immunoassay using reagents obtained from Immunacare Corporation (Blue Bell, PA, USA). Results were normalized to urine creatinine. An Estrogen Metabolite Index was calculated as 2OHE1/ 16aOHE1. Assay imprecision was o10% for both 2OHE1 and 16aOHE1 while assay sensitivity was 0.05 ng/ml for 2OHE1 and 0.15 ng/ml for 16aOHE1. The reference range for 2OHE1 for postmenopausal females is 1-20 ng/ml and 0.6-10 ng/ml for 16aOHE1. The average Estrogen Metabolite Index for postmenopausal women is 2.0.
Markers of inflammation: high sensitivity C-reactive protein and IL-6. High Sensitivity C-Reactive Protein (CRP) levels in serum were determined with a sandwich-based ELISA (ALPCO, Salem, NH, USA) that employs a specific capture antibody directed against a specific antigenic determinant on the CRP peptide. A rabbit antibody directed against another antigenic site on CRP conjugated to horseradish peroxidase was used as the signal antibody to form a sandwich of the CRP molecule. The ELISA color reaction was developed using tetramethylbenzidine that reacts with horseradish peroxidase and absorbance was measured spectrophotometrically at 450 nm. Method sensitivity is 1.0 ng/ml and within run and between run imprecision averaged 6% at a concentration of 9.0 ng/ml. High Sensitivity Human IL-6 was determined with an ELISA (R&D Systems, Minneapolis, MN, USA) that uses an E. coli-expressed recombinant human IL-6 standard in a sandwich-based enzyme immunoassay format. A monoclonal antibody specific for IL-6 is precoated on microtiter plates as capture antibody and an alkaline phosphatase-anti-IL-6 antibody conjugate provides the assay signal. The ELISA color reaction is developed using an NAD/NADH reaction system in an amplification reaction cascade where a tetrazolium salt is reduced by NADH to produce an intensely colored formazan dye. Method sensitivity is 0.5 pg/ml and within and between run imprecision averaged 7% at a concentration of 2.5 pg/ml.
Markers of IGF-I signaling: IGF-1 and insulin like growth factor binding protein (IGFBP)-3. IGF-1 was determined directly using a microtiter plate and sandwich-based ELISA with reagents obtained from ALPCO. The procedure employs an IGFBP-blocked ELISA in which IGF-I is disassociated from the IGFBPs, with an acidic buffer. The IGF-I antiserum is then dissolved in a buffer, which is able to neutralize the acidic samples. After the IGF-I antibody solution has neutralized the samples, the excess IGF-II occupies the IGF-binding sites of the binding proteins, thus allowing the measurement of the resulting free IGF-I. With this method, the IGFBPs are not removed, but their function and therefore their possible interference in the assay is neutralized. Due to the use of an IGF-1 antibody that has extremely low cross-reactivity with IGF-II, IGF-II does not hinder the interaction of the first antibody with IGF-I. With the use of a second specific anti-IGF-I-antibody that is biotinylated, a Streptavidin-Peroxidase-Enzyme conjugate binds to the second antibody to form a color complex proportional to the concentration of IGF-1. Analytical sensitivity for the assay is 0.1 ng/ml and within and between run imprecision averaged 7% at a concentration of 140 ng/ml.
IGFBP-3 was determined with a solid phase microtiter plate ELISA (R&D Systems) in a sandwich format immunoassay. Microtiter wells coated with a monoclonal antibody against IGFBP-3 capture the molecule and after incubation with a second anti-IGFBP-3 polyclonal antibody labeled with horseradish peroxidase, color development is obtained by the addition of the substrates hydrogen peroxide and tetramethylbenzidine that is read spectrophotometrically at a wavelength of 450 nm. Analytical sensitivity is 0.05 ng/ml and within and between run imprecision averaged 5% at a concentration of 12 ng/ml.
Statistical analysis
Summary statistics are provided for the demographic data shown in Supplementary Table 1 and for dietary and physical activity characteristics of study participants detailed in Table 1 . The difference of these variables across the five treatment groups was tested using the analysis of variance or Fisher's exact test as appropriate. The dependence of fatty acid profiles at month 3 and at month 6 on Ral, Lovaza, time and respective baseline values was analyzed using mixed effects regression model (Supplemental Table 2 ; Figure 1 ). For serum lipids data (Table 2) , appropriate transformation (usually log) was first performed on the variable. The effect of Lovaza, Ral and their combination on the difference of these transformed variables between baseline and month 12 was then studied using linear regression. A similar analysis was performed to study the effects of Lovaza, Ral and their combination on biomarkers of estrogen metabolism, inflammation, oxidative stress and IGF-1 signaling as seen in Table 3 and Figure 2 .
RESULTS

Demographic characteristics
Because of the demographics of the catchment area (rural Pennsylvania), the majority of subjects were Caucasian with only 1 out of 46 subjects African American. There were no significant differences across the five groups in age, body mass index (BMI), waist-to-hip ratio or history of prior breast biopsy. There was a difference across the five groups with respect to family history of breast cancer (Supplementary Table 1 ).
Compliance
Compliance was monitored by pill counts by the nurse coordinator at the study visits and further verified by monitoring serum fatty acid analysis (see below). The average compliance for the four groups at 12 months was 96 ± 1% (s.e.). No significant differences in compliance were found across groups. The average compliance for group 2 was 93±3% (s.e.) at 6 months and 92 ± 3% (s.e.) at 12 months, for group 3 was 97 ± 1% (s.e.) at 6 months and 94 ± 2% (s.e.) at 12 months, for group 4 was 94 ± 2% (s.e.) at 6 months and 97±2% (s.e.) at 12 months. For the combination group (group 5), compliance at 6 months was 97 ± 3% (s.e.) for Ral and 92 ± 2% (s.e.) for Lovaza. Compliance at 12 months in this group was 100 ± 2% (s.e.) for Ral and 96 ± 2% (s.e.) for Lovaza. Only four subjects had a compliance o85%, one in group 2 (68%), two in group 4 (84% and 81%) and one in group 5 (81%).
Adverse events There were very few adverse effects. They included hot flashes in one patient in group 3 at 12 months, vaginal dryness in one subject in group 2 at 12 months, and leg cramps in one subject from group 2 and one from group 3 at 12 months. No severe adverse events were reported.
Diet and physical activity Data on diet and physical activity at baseline and 12 months are summarized in Table 1 . At baseline and follow-up, there were no statistically significant differences in total physical activity or dietary intake of total energy, macronutrients or fatty acids of interest across the five treatment groups (overall difference P-values all40.05). In addition, changes in these variables over the follow-up period were not statistically significant for the group overall and in the individual groups 
n-3FA at baseline (g) Raloxifene, omega-3 and breast cancer prevention C Signori et al except for the combined Ral/Lovaza group which reported significantly lower mean energy intake at follow-up compared with baseline. Of interest, both n-3FA and Omega-6 fatty acids (n-6FA) intake were reduced in this group with no change in the n-3FA/n-6FA ratio. However, there was no statistically significant change in BMI at 12 months in this group as well as any of the other groups.
Treatment effects on serum fatty acids Plasma fatty acid analysis revealed that the subjects in the two groups receiving Lovaza had a statistically significant increase in n-3FA levels compared with the other groups at 6 and 12 months of intervention (Po0.05; Figure 1a) . Conversely, serum n-6FA decreased in the same groups (Figure 1b) , which resulted in a significant increase in the n-3FA to n-6FA ratio in the groups receiving Lovaza (Figure 1c ). The effects of our interventions on the specific fatty acid composition of the serum are reported in detail in Supplementary Table 2 . Specific Lovaza effects were observed for arachidonic acid, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Both EPA and DHA were increased in the Lovaza groups by B3-fold whereas levels of arachidonic acid were decreased 25-35% in these same groups. Ral had no effects on n-3FA and only small and inconsistent effects on two minor fatty acids, C16:2N4 and C20:1N9. We then tested whether the baseline levels of these fatty acids as well as the BMI and waist-to-hip ratio influenced the changes observed in EPA and DHA levels after 1 year of Lovaza treatment. We found an inverse correlation between baseline EPA levels and the increase in this fatty acid at 12 months (Po0.02). There was no effect of baseline DHA on the increase in DHA levels observed at 1 year. There was a tendency for subjects with higher BMIs to exhibit a smaller increase in EPA levels at 12 months but this association did not reach statistical significance (P ¼ 0.06). Baseline BMI did not influence the change in DHA at 12 months. Waist-tohip ratio did not affect the change in either EPA or DHA at 1 year.
Treatment effects on serum lipids
As can be seen in Table 2 , the fasting lipid panels were essentially normal and not statistically different across groups. After 12 months of intervention, the triglycerides were significantly reduced in both groups receiving Lovaza (by 15% in the group receiving Lovaza alone and 22% in the combination group). Highdensity lipoprotein (HDL) levels were significantly elevated (by 7% in the group receiving Lovaza alone and up to 14% in the group receiving a combination of Lovaza and Ral). None of the treatments affected either total or high-density lipoprotein cholesterol.
Treatment effects on serum and urine biomarkers As can be seen in Figure 2a , the administration of Ral for 1 year reduced the circulating level of IGF-I in a dose-dependent manner. While the effects of 30 mg of Ral were not statistically significant (Po0.1), the effects of the 60-mg dose were highly significant (Po0.002) and were superior to that of the lower dose of Ral (Po0.05). Lovaza did not affect serum IGF-I levels in the absence or the presence of Ral. None of the treatments affected the circulating levels of IGFBP-3 (Figure 2b) . Consequently, the IGF-I/ IGFBP-3 ratio (an index of IGF-I bioactivity) was significantly reduced by Ral in a dose-dependent manner (P ¼ 0.018; Figure 2c ). Raloxifene, omega-3 and breast cancer prevention C Signori et al
None of the other biomarkers was significantly affected by any of the interventions (Table 3) .
DISCUSSION
Preventive measures represent the best opportunity for reducing breast cancer incidence and mortality. Although antiestrogens like Tamoxifen and Ral have been found to be effective chemopreventive agents, they are ineffective in preventing the development of estrogen receptor-negative tumors and their use is associated with rare but potentially life-threatening adverse events such as a thromboembolism. 10, 11 Consequently, these agents have limited acceptability in healthy subjects including women at high risk of developing breast cancer. 12, 13 Therefore, safer and more effective chemopreventive strategies need to be developed to have a significant impact on the development of breast cancer. Since breast cancer requires the coordinated activation of multiple cellular mechanisms, a multi-targeted approach is needed to prevent the development of mammary carcinogenesis. We have been interested in testing the combination of antiestrogens with n-3FA, an attractive class of compounds that could potentiate the beneficial effects of antiestrogens by inhibiting multiple cellular pathways potentially involved in mammary carcinogenesis (for review, see Signori et al. 1 ). We believe that a major attractive feature of this approach is its safety since it allows us to combine a lower and hence less toxic dose of antiestrogens with n-3FA, compounds that are known to have inherent health benefits (that is, reduction in cardiovascular risk) beyond their potential chemopreventive benefit in breast cancer. 14 In parallel with our preclinical studies conducted in experimental models of mammary carcinogenesis, [2] [3] [4] we have recently initiated a randomized clinical trial in postmenopausal women (NCT00723398) testing the combined effects of Lovaza and Ral at half its conventional dose (that is, 30 vs 60 mg) in reducing breast density, a well-established risk factor for breast cancer. The effects of this treatment combination will be compared with that of Ral alone at its conventional dose of 60 mg daily. The object of this The number of subjects was increased in these groups because the statistical analysis in the first 46 women revealed a non-significant trend for treatment effect. However, expansion of the sample size did not confirm this trend.
report is to provide preliminary data on the feasibility and compliance with this combination approach as well as to describe the effects of our interventions on a number of potential biomarkers of mammary carcinogenesis in the first group of 46 women who have completed 1 year on the study. We show that compliance is very high as indicated by pill counts and plasma fatty acid analysis. As expected, we observed a significant increase in both serum n-3FA and the n-3FA/n-6FA ratio in the groups of women receiving Lovaza. This increase was present at 6 months and persisted at 12 months of treatment. In contrast, no change in serum fatty acid composition was observed in the control group and in the groups receiving Ral alone. These results indicate excellent compliance of our subjects with their treatment assignments for a period up to 1 year. The increase in serum n-3FA and the n-3FA/n-6FA ratio was comparable to that reported by Yee et al., 15 in their dose-response study with Lovaza administered to high-risk women (premenopausal and postmenopausal) for a 6-month duration. Since our study included a control group, we were able to exclude the possibility of 'contamination' (that is, women taking n-3FA supplements out of protocol). This is an important issue since n-3FA preparations are readily available to the general public and are appealing in view of their advertised health benefits. Yee et al. 15 observed that a higher serum baseline of DHA and BMI was significantly associated with a lower incremental rise in serum DHA and EPA after Lovaza administration. Although we did not observe this, we did find an inverse relationship between baseline EPA levels and the increase in serum EPA levels after 1 year. It is likely that rather than true differences, these apparently discrepant results may be due to the relatively small number of subjects in both studies.
We observed a significant reduction in serum triglycerides in women receiving Lovaza (Table 2 ). This finding has been previously reported, although primarily in individuals with hypertriglyceridemia. 16, 17 Our subjects, on the other hand, had normal serum triglyceride levels. We also observed a significant increase in HDL cholesterol following Lovaza administration (8% in women receiving Lovaza alone and 16% in those receiving the combination of Lovaza and Ral). This is at variance with other reports in the literature where Lovaza was reported to either cause no change 16 or a minimal increase (1-3%) in HDL cholesterol. 17 IGF-I is a potent mitogen for breast cancer and has been postulated to be involved in mammary carcinogenesis, tumor progression and metastasis. 18, 19 Elevated levels of circulating IGF-I have been shown to be a significant risk factor for premenopausal breast cancer. 20 In agreement with previous reports in the literature, 21, 22 Ral administration reduced circulating IGF-I levels and the IGF-I/IGFBP-3 ratio, an index of IGF-I bioavailability. Lovaza administration, on the other hand, did not influence IGF-I levels as also observed by Yee et al. 15 Whether increased oxidative stress, inflammation and preferential estrogen metabolism toward the pro-carcinogenic 16-a-hydroxylated metabolite have a role in breast cancer development remains uncertain at this time in view of conflicting reports in the literature. [23] [24] [25] With regard to the role of oxidative stress and inflammation, a major issue is the appropriate selection of the most relevant biomarkers. Therefore, the lack of an effect of our interventions on select biomarkers of inflammation and oxidative stress does not necessarily rule out a role of cellular stress and inflammation on breast cancer development or an antitumor action of our combined treatments. It will obviously be important to evaluate the long-term effects of our interventions on the primary end point of this trial, that is, breast density, for which the study has been powered. 
